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http://www.americanscientist.org/issues/fe

ature/2004/6/the-decline-of-the-blue-crab 

Georgia 

http://research.myfwc.com/featu

res/view_article.asp?id=12050 

Florida 

http://www.tpwd.state.tx.us/fishboat/fish/didyoukn

ow/bluecrabdecline.phtml 

Texas 

http://www.washingtonpost.com/wp-

dyn/content/graphic/2007/11/17/GR20071117

00114.html?sid=ST2008041502012 

Chesapeake Bay 
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r2 = 0.109, p = 0.0340 
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 Settlement = 
high salinity 

 Maturation = 
low salinity 

 Mating =    
low salinity 

 Spawning = 
high salinity 

 



Mating 

March-May 

Larval release 

June-Aug 

Megalopae 

Aug-Oct 

Egg incubation 

April-June 

Zoeae 

July-Sept 

Juveniles 

Sept-March (19 mo) 

http://www.serc.si.edu/education/resources/bluecrab/images/crabimages/images/M_front_jpg.jpg
http://www.serc.si.edu/education/resources/bluecrab/images/crabimages/images/L_eggs2_jpg.jpg
http://www.serc.si.edu/education/resources/bluecrab/images/crabimages/images/L_megalopa_jpg.jpg
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ACE Basin NERR 

Fishery Boundary 



Water Quality Crab Density 

Disease Size, Sex, Maturity 
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 Higher salinity increases fishing 

 Higher salinity increases disease 

 Higher salinity decreases settlement 

 Higher salinity increases predation 



Fishing Disease 

Predation Settlement 



0

5

10

15

20

25

30

35

0

50

100

150

200

250

Ju
n

-0
8

Se
p

-0
8

D
e

c-
0

8

M
ar

-0
9

Ju
n

-0
9

Se
p

-0
9

D
e

c-
0

9

M
ar

-1
0

Ju
n

-1
0

Se
p

-1
0

D
e

c-
1

0

M
ar

-1
1

Ju
n

-1
1

Se
p

-1
1

D
e

c-
1

1

M
ar

-1
2

Sa
lin

it
y 

(p
su

)

C
ra

b
 n

u
m

b
e

r

Ashepoo

Female adults

Male adults

Female juvs

Male juvs

Salinity

0

5

10

15

20

25

30

35

0

50

100

150

200

250

Ju
n

-0
8

Se
p

-0
8

D
e

c-
0

8

M
ar

-0
9

Ju
n

-0
9

Se
p

-0
9

D
e

c-
0

9

M
ar

-1
0

Ju
n

-1
0

Se
p

-1
0

D
e

c-
1

0

M
ar

-1
1

Ju
n

-1
1

Se
p

-1
1

D
e

c-
1

1

M
ar

-1
2

Sa
lin

it
y 

(p
su

)

C
ra

b
 n

u
m

b
e

r

Combahee

Female adults

Male adults

Female juvs

Male juvs

Salinity

0

5

10

15

20

25

30

35

0

50

100

150

200

250

Ju
n

-0
8

Se
p

-0
8

D
e

c-
0

8

M
ar

-0
9

Ju
n

-0
9

Se
p

-0
9

D
e

c-
0

9

M
ar

-1
0

Ju
n

-1
0

Se
p

-1
0

D
e

c-
1

0

M
ar

-1
1

Ju
n

-1
1

Se
p

-1
1

D
e

c-
1

1

M
ar

-1
2

Sa
lin

it
y 

(p
su

)

C
ra

b
 n

u
m

b
e

r

Edisto

Female adults

Male adults

Female juvs

Male juvs

Salinity

Female adults 

r2 = 0.033, p = 0.2159 

Male adults 

r2 = 0.308, p = 0.0001 

Female juveniles 

r2 = 0.059, p = 0.0971 

Male juveniles 

r2 = 0.000, p = 0.9071 

All crabs 

r2 = 0.058, p = 0.0988 



0

50

100

150

200

250

300

350

400

450

1 2 3 4 5 6 7 8 9

C
ra

b
 N

u
m

b
e

r

Station

Crab Abundance

Ashepoo

Combahee

Edisto

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9

M
e

d
ia

n
 S

al
in

it
y 

(p
su

)

Station

Salinity

Ashepoo

Combahee

Edisto

Survival 

20 psu 

35 psu 

5 psu 

G2 = 11.82, p = 0.0027 



0

50

100

150

200

250

300

350

400

450

1 2 3 4 5 6 7 8 9

C
ra

b
 N

u
m

b
e

r

Station

Crab Abundance

Ashepoo

Combahee

Edisto

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9

M
e

d
ia

n
 S

al
in

it
y 

(p
su

)

Station

Salinity

Ashepoo

Combahee

Edisto

0

10

20

30

40

50

60

70

80

90

1 2 3 4 5 6 7 8 9

A
vg

 #
 C

ra
b

 P
o

ts

Station

Fishing Effort

Ashepoo

Combahee

Edisto

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

1 2 3 4 5 6 7 8 9

D
is

e
as

e
 P

re
va

le
n

ce
 (

%
)

Station

Disease

Ashepoo

Combahee

Edisto

Crabs: r2 = 0.084, p = 0.0454 

Salinity: r2 = 0.035, p = 0.2057 

Crabs: r2 = 0.008, p = 0.5298 

Salinity: r2 = 0.277, p = 0.0786 



0

50

100

150

200

250

300

350

400

450

1 2 3 4 5 6 7 8 9

C
ra

b
 N

u
m

b
e

r

Station

Crab Abundance

Ashepoo

Combahee

Edisto

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9

M
e

d
ia

n
 S

al
in

it
y 

(p
su

)

Station

Salinity

Ashepoo

Combahee

Edisto

0

10

20

30

40

50

60

1 2 3 4 5 6 7 8 9

M
e

ga
lo

p
ae

 &
 J

u
ve

n
ile

 N
u

m
b

e
r

Station

Settlement

Ashepoo

Combahee

Edisto

0%

10%

20%

30%

40%

50%

60%

70%

80%

1 2 3 4 5 6 7 8 9

Ju
ve

n
ile

 E
at

e
n

 (
%

)

Station

Predation

Ashepoo

Combahee

Edisto

Crabs: r2 = 0.240, p = 0.3225 

Salinity: r2 = 0.051, p = 0.1720 

Crabs: r2 = 0.040, p = 0.5389 

Salinity: r2 = 0.743, p = 0.0003 



Inflow 

Salinity Temperature 

Survival Predation Settlement Disease 

pH Oxygen 



Inflow 

Salinity Temperature 

Survival Predation Settlement Disease 

Abundance 

pH Oxygen 



 Identification of the Problem – Dying of Thirst 

 Crab Life History - Why Salinity Matters 

 ACE Basin National Estuarine Research Reserve 

 Patterns of Water Quality in Relation to Inflow 

 Hypotheses Linking Crab Decline and Drought 

 Forecasting the Future 

 What Can Management Do? 



0

5

10

15

20

25

30

35

J S D M J S D M J S D M J S D M

Sa
lin

it
y 

(p
su

)

Month (quarterly)

Salinity

Ashepoo

Combahee

Edisto

0

50

100

150

200

250

300

J S D M J S D M J S D M J S D M

C
ra

b
 a

b
u

n
d

an
ce

Month (quarterly)

Crab Abundance

Ashepoo

Combahee

Edisto

0

50

100

150

200

250

J S DM J S DM J S DM J S DM J S DM J S DM J S DM

C
ra

b
 N

u
m

b
e

r

Month (quarterly)

Crab Forecast

Ashepoo

Combahee

Edisto



Season 

(time) 

Temperature Inflow 

Spatially-Explicit Individual-Based 

Location 

(space) 

Salinity Oxygen 

Settlement 
(season) 

(location) 

Growth 
(temperature) 

(stage) 

(age) 

Survival 
(fishing) 

(salinity) 

(temperature) 

(dis oxygen) 

(predation) 

(disease) 

(cannibalism) 

Dispersal 
(season) 

(sex) 

(stage) 

Reproduction 
(season) 

(sex) 

(stage) 

Time 

(week) 

Stage 

(age) 

IBM Crab Model Subroutines 



Male 
stage = M13 

age = 150 

disease = yes 

reprod = no 

heading = 355 

Female 
stage = F18 

age = 245 

disease = no 

reprod = yes 

heading = 185 

Juvenile 
stage = J3 

age = 20 

disease = no 

reprod = no 

heading = 35 

Combahee Ashepoo Edisto 

IBM Crab Model Spatial Structure 
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y = -0.0086x + 3.469
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 River flow is negatively correlated with marsh salinity 

 Salinity has both positive & negative effects on crabs 

 Low salinity decreases survival & increases predation 

 High salinity decreases survival & increases disease 

 Impact of drought is dependent upon the initial flow 
rates of each individual river 

 Models predict that decreasing flow below current 
levels will cause more declines in crab number than 
increases in crab number 

 Managers should recommend minimum flow 
requirements to maintain healthy marsh ecosystem 
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